ascites collected from pristane-injected mice inoculated with tumor cells. The cell producing the mAb 11 B 11 to IL-4 was obtained from Maureen Howard (DNAX Research Institute, Palo Alto, CA); culture supernatant from the 11B11 hybridoma, pressure concentrated and partially purified on an HPLC ion-exchange column, served as the source of antibody .
Factors. rIL-2 (human) was obtained from Cetus Corp ., Emeryville, CA . IL-4/B cell stimulatory factor 1 (BSF-1) was purified to homogeneity from the serum-free culture supernatants of the cell line D10 .G4.1, a conalbumin-specific la'-restricted T cell line of the TH2 type (12, 13) . The DIO cells were stimulated with Con A for 48 h, and crude culture supernatants absorbed onto and eluted from controlled-pore glass according to the method of Henderson et al . (14) . BSF-1 containing material eluted from controlledpore glass was dialyzed against 10 mM Tris, pH 7 .0, and applied to a 250 X 10 cm highpressure ion-exchange column (SynChrom, Inc., Linden, IN). The column was eluted with a 0-250-mM sodium phosphate, pH 7.0, gradient . The active fractions were pooled, concentrated by ultrafiltration, and applied to a Vydac C4 reverse-phase HPLC column (The Separations Group, Hesperia, CA) equilibrated in 0.1 % TFA, 30% acetonitrile . The column was developed with a linear gradient of 30-80% acetonitrile in 0.1% TFA over 80 min . The IL-4 activity was recovered at^-39% acetonitrile . The purified IL-4 contained a single major protein on SDS-PAGE and contained no detectable IL-1, IL-2, IL- Lyt-2+ Subset Isolation. Splenic T lymphocytes were isolated as described by Julius et al . (17) . The nylon column-purified cells recovered from this procedure were >90% Thy-1 .2 +. Cells were incubated for 30 min on ice with the anti-L3T4 mAb RL172.4 and the anti-la b/d mAb D3 .137, followed by incubation twice with guinea pig and rabbit complement for 30 min at 37°C. In control experiments, thymocytes prepared in this way were <1% L3T4+ as determined by flow cytofluorometry.
Cell Culture. 5 X 10 4 Ia ,L3T4-splenic T cells isolated as described above were stimulated with IL-2 or IL-4 in the presence of 1 ug/ml Con A. Cells were cultured in Ubottomed microtiter plates (No. 3799 ; Costar, Cambridge, MA) in RPMI 1640 supplemented with 5% FCS, 200 IU/ml penicillin, 200 mg/ml streptomycin, 4 mM glutamine, 50 mM 2-ME and 25 mM Hepes. Microcultures contained a final volume of 200 A1 medium per well, and were incubated at 37°C in a humidified 5% C02 in air atmosphere .
Assay for Cytolytic Activity. Cells were assayed for cytolytic activity on day 5 in the presence of 10 wg/ml Con A. Effector cells were incubated for 4 h with 2'0005 'Cr-labeled P815 tumor targets in 96-well V-bottomed microtiter plates (No. 3896, Costar). To obtain sufficient numbers of cells for effector titrations, cells from replicate microculture wells were pooled . The apparent specific lysis was calculated as 100 X [(experimental releasespontaneous release)/(total release -spontaneous release)] in which spontaneous release is the cpm release in the absence of effector cells and total release is determined by adding Triton X-100 to a final concentration of 0.4% .
Assayfor Cell Proliferation. At 24-h intervals after initiation of culture, 50 A1 of cell suspension from each of triplicate microcultures was transferred to 96-well flat-bottomed microtiter plates (No. 3596, Costar), to which [`25 I]UdR was immediately added. ['2sI]-UdR incorporation was determined after incubation for an additional 24 h.
Results
Preparation ofIL-4/BSF-1 . The purified IL-4 used for these studies contained a single protein on SDS-PAGE and contained no detectable IL-I, IL-2, IL-3, or Fig. 1 B demonstrates that IL-2 and Con A will also cause a strong proliferative response of Lyt-2+ splenic T cells, as previously reported (6). Fig. 1 B demonstrates that addition of the anti-IL-2-R antibody at high concentration results in^-75% inhibition of the proliferative response to Con A and IL-2 at the highest concentration of IL-2 used, and the complete inhibition of the proliferative response at lower concentrations of IL-2 . Fig. 1 A shows that addition of anti-IL-2-R blocking antibody results in only a slight, statistically insignificant inhibition of the proliferative response to IL-4 plus Con A.
Lectin and IL-4 Will Induce the Generation of Cytolytic Activity in Splenic Lyt-2+ CTL Precursors. Fig. 2A demonstrates that after culture for 5 d with IL-4 and Con A, Splenic Lyt-2+ cells have developed marked cytolytic activity . Culture with Con A alone does not induce the generation of cytolytic cells (data not shown), although culture with IL-4 does induce a small but reproducible generation of cytolytic activity at high concentrations of the lymphokine . In additional experiments (Fig. 2D) , similar responses were obtained using rIL-4 and Con A. Fig. 2B shows the cytolytic activity of cultures of Lyt-2+ Splenic T cells stimulated with IL-2 plus Con A. Despite the equivalent proliferative response of cells stimulated with IL-2 plus Con A and cells stimulated with IL-4 plus Con A, it is noteworthy that 15 U/ml IL-4 induces a markedly higher level of cytolytic activity per cell than 90 U/ml IL-2. Higher cytolytic cell responses were obtained with higher doses of rIL-2 (data not shown) .
Addition of the mAb, 7D4, at high concentration inhibits the generation of cytolytically active cells by IL-2 plus Con A, as shown in Fig. 2B , but has no significant effect on the generation of cytolytically active cells in cultures induced with IL-4 plus Con A, as shown in Fig. 2A . Fig. 2C demonstrates that the IL-4-dependent responses, but not the IL-2-dependent responses, are blocked by 11 B 11, the mAb to IL-4. The cytolytic activity of the effector cells on day 5 was completely abolished by treatment with anti-Lyt-2 and complement before assay, demonstrating that the effector CTL are CD8+ (data not shown) . Discussion BSF-1/IL-4 has been shown to exhibit a number of activities on various T cell populations in addition to its activities on B cells. IL-4 will support the proliferation of long-term T cell lines (8, 9) , is able to mediate the autocrine growth of some helper T cell lines after antigenic stimulation (11) , and is a potent costimulant for normal resting T lymphocytes (10) . A recent report (18) also demonstrates that IL-4 enhances the CTL response to alloantigen within mixed lymphocyte cultures .
We demonstrate here that Lyt-2+ Splenic T cells will proliferate to IL-4 together with the mitogenic lectin Con A, and that the proliferating Lyt-2+ cells will differentiate into CTL. The recent report (10) that both the L3T4+ and Lyt-2+ mesenteric lymph node T cell populations proliferate vigorously to IL-4 together with PMA is in agreement with our results.
Previous reports (6, 7) have demonstrated that IL-2 alone is sufficient for the proliferation and differentiation of lectin-or antigen-stimulated CTL precursors . These results, when coupled with the costimulatory effects of IL-4 on Th cells (10, 11) and the presence of an IL-2-producing T cell subset within the Lyt-2+ population (19, 20) , made it necessary to rule out any contribution by endogenously produced IL-2 to the proliferation and differentiation of cytolytically active cells observed in the cultures . The lack of any significant effect by the blocking anti-IL-2 (21, 22) receptor antibody argues that the stimulatory effects of the purified IL-4 are a property of the IL-4 itself.
It was noteworthy that levels of IL-4 that support a significantly smaller proliferative response than observed with a given concentration of IL-2 are more efficacious in stimulating the differentiation of Lyt-2' cells into mature cytolytically active cells . The ability of IL-4 to drive differentiation of Lyt-2' cells into mature CTL is so marked that we propose a model in which IL-2 is primarily responsible for CTL precursor proliferation but in which IL-4 is the lymphokine primarily responsible for CTL precursor differentiation . This suggests that although Thl or Th2 cells (as defined by Mossman et al. in reference 13) can independently produce a lymphokine that is sufficient for mature CTL generation, the combined action of the lymphokines produced by Th l and Th2 cells may be most efficient for CTL generation. Finally it will be of interest to establish the relationship of IL-4 to other previously described CTL differentiation factors (3) (4) (5) .
Summary
In this report, we demonstrate that IL-4 is sufficient to stimulate both the proliferation and differentiation of Lyt-2+, la-splenic CTL precursors stimulated with the mitogenic lectin Con A. The response to IL-4 and Con A was not dependent on a putative endogenous production of IL-2 within the cultures, as demonstrated by an absence of an inhibitory effect by an anti-IL-2-R blocking mAb. Our results indicate that IL-2 and IL-4 can support an equivalent proliferative response by lectin-stimulated Lyt-2' T lymphocytes, while IL-4 is more efficacious in stimulating their differentiation into mature cytolytically active cells .
